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[57] ABSTRACT 

In an electronic endoscope system, an imaging device 
images a subject at a first frame frequency. A signal 
generating unit receives image signals of the subject 
imaged by the imaging device to generate signals of a 
standard TV system having a second frame frequency 
that is approximately n/m-fold (where, n and m are 
natural numbers, and n is unequal to m) of the first 
frame frequency. Then, a timing control unit synchro- 
nizes the first frame frequency of the imaging device 
with the second frame frequency using a predetermined 
timing signal output by the signal generating unit. The 
timing controller can also synchronize a first frame 
frequency of a color field sequential illumination unit 
with a second frame frequency using a predetermined 
timing signal. 

16 Claims, 12 Drawing Sheets 
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scribed above. In other words, multiple kinds of light 

ELECTRONIC ENDOSCOPE SYSTEM source apparatuses must be installed. 

ADAPTABLE TO DIFFERENT T.V. STANDARDS The present applicant has proposed a light source 

WHILE UTILIZING A COMMON LIGHT SOURCE apparatus for solving the aforesaid problem in Japanese 

3 Patent Laid-Open No.1-217413. In this light source 

BACKGROUND OF THE INVENTION apparatus, a rotary color filter for generating color field 

1. Held of the Invention sequential light rays, formed like a cassette, is detach- 
The present invention relates to a color field sequen- f^LST^V f ^ source apparatus, the con- 

tial imaging type electronic endoscope system. More , ft spe f °. f a T ^ ri f tet * t*** accordm 8 t0 

particularly, this invention is concerned with a con- 10 ^° f ™ ed mtet . . 

struction for enabling common use of a light source ™* ^ h ^ bychangmg a rotary 

apparatus for color field sequential Uluminadon irrele- ? 0,or ^ cassette and selecting multiple kinds of budt- 
vant of a standard television (TV) system of, for exam- !? synchronizing s.gnal generaung cncui ts, tmsangle 
pie, a display unit hght source apparatus can cope with multiple TV sys- 

2. Description of the Related Art 15 ^ e p atent ^jq^ No . 3 . 6 8330 has proposed 
An endoscope, an elongated insertion section of . ,. T . „ . ? ... * ^. v f , 

which can be inserted into a body cavity to observe an a ^ht source apparatus in which rotating speed of a 

organ or the like in the cavity or* if n ecessary, a treat- W filter and a phasmg mode can be changed accord- 

T a . • _ J 1 * 7 ' ' " . . ing to the type of a mam unit used in combination with 
ment adaptor inserted through a treatment adaptor 20 th e Ugh t source apparatus. According to the electronic 

channel thereof can be used to conduct various treat- end e tem F m ^ Klet ^ ^ e rotational fre . 
ments, has been i widely utilized in recent years- Such an Qf ^ ^ fflter caa be ch ^ and 

endoscope «» only m medicme but also m the seryo controJ with ^ predsion C(m fee d ^ 

held ot industty. light source apparatus can also cope with multiple TV 

A variety of dectronic endoscopes usmg charge cou- 2J ^ b var ^ rotational frequency 0 f the rotary 

pled devices (CCD) or other solid state imaging devices color filter 

have been proposed and are being put to practical use. ^ above a field type electronic 

For an endoscope, the diameter of an insertion sec- endoscope a co , or fleld sequential fl- 

bonmustbcrnadesmaU-Ttorestnctethe sizeof asolid lumination ii sht source appariltus a repetition 

state imaging device, making it difficult to increase 30 period that k on a TV system of a display 

resolution, in a held sequential metnod, rays ot lllumi- ^ because ±e fran j e f requency D f 

an image signal 

nation ligjit with different wavelengths are emitted differs with the TV system of a display unit. The NTSC 

sequentially via a color rotary filter, and respective systcm> for e le> loys & nght source apparatus 

color image signals acquired under respective inununa- ^ emits RGB m umination ^ at a repetition period 

fen 1 hght are synthesized to produce = a color image. The 35 of 29 . 97 while ^ PAL system loys a Ught 

field sequential method has the following advantage: source a p para tus having a repetition period of 25 Hz. In 

the field sequential mode can provide color images with tbesG systemS) imaging in each of R, G, B colors is 

higher resolution than a simultaneous method in which completed in units of a one-frame period of display, 

color imaging is performed under white mumination Therefore, writing or reading in or from memories, 

Hght using an imaging means with color filters. 40 whicn is intended to synchronize color field sequential 

An example of the foregoing electronic endoscope signals, can be controlled easily. However, since the 

system of field sequential imaging type has been dis- aforesaid conventional Ught source apparatus includes 

closed in Japanese Patent Laid-Open No.61-82731. A multiple servo circuits internally, the circuitry becomes 

light source apparatus for this electronic endoscope j^ge in size and complex, and the number of control 

system requires a color rotary filter for sequentially 45 processes increases. This is a primary reason for a high 

switching white iUumination light into red (R), green cos t. 

(G), and blue (B). Alternatively, different video processors are installed 
On the other hand, a signal processing unit for con- depending on multiple TV systems of a monitor and a 
verting imaging signals acquired by the foregoing field recording unit, as described above. Consequently, light 
sequential type imaging device into standard TV signals 50 sources must be developed independently for the pro- 
is available in different color television (TV) systems; cessors. This deteriorates development efficiency, 
such as, a system of phase alternation by line (PAL), a Moreover, mass production effect cannot be expected 
system recommended by National Television System because a light source apparatus cannot be used in com- 
Committee (NTSC), and a sequential couleur a mon. 
memoire (SECAM) system. Accordingly, there exist 55 

monitors for these respective systems. SUMMARY OF THE INVENTION 

Furthermore, for a light source apparatus, for exam- . An object of the present invention is to provide an 
pie, the areas of R, G, and B transmission windows of a electronic endoscope system that outputs signals con- 
rotary filter differ among the foregoing TV systems. formable to different TV systems and that offers an 
The rotational frequency of the rotary filter also differs 60 increased number of common circuits to reduce costs 
among the forgoing TV systems. That is to say, control and to improve development efficiency, 
of the rotating speed or the like of the filter differs with Another object of the present invention is to provide 
the TV system. an electronic endoscope system capable of easily gener- 
Therefore, when an endoscope system has a video ating a TV signal, which has a different frame fre- 
processor or monitor of different video or television 65 quency from an imaging or illuminating system, without 
systems such as PAL and NTSC, light sources for con- causing out of synchronism or lead scan, 
trolling the rotary filter associated with different TV Yet another object of the present invention is to pro- 
systems such as PAL and NTSC are required, as de- vide an electronic endoscope system which enables 


06/02/2004, EAST Version: 1.4.1 


5,408,265 

3 4 

color field sequential imaging using a common color under illumination light from the color field sequential 

field sequential light source apparatus even when the iUuminating means. A signal generating means uses the 

TV system differs between a display unit or a recording co i or field sequential image signals acquired by the 

unit and an ffluminating or imaging system in an endo- imaging means to generate video signals of a second 

scope or a light source apparatus. 5 standard TV system having a frame frequency which is 

Yet another object of the present invention is to pro- approximately (wherCj n ^ m ^ natural 

vide an electronic endoscope system that enables use of , , ,\ x c . fi , - . . 

a common color field sequential muminating means md n 1S t0 m) ****** r f < *»- 

even when the TV system differs among units and that dard TV system. Furthermore, according to the elec- 

permits improved system development efficiency and 10 tromc endoscope system of the present invention, a first 

reduced costs. control means generates a pseudo imaging sync signal 

Yet another object of the present invention is to pro- hayin S a frame frequency that is approximately m/n- 

vide an electronic endoscope system that can phase a fold of that of the second standard TV system in order 

synchronizing signal or a timing signal for signal pro- to control the color field sequential illuminating means, 

cessing irrespective of a difference in the TV system 15 and controls the imaging means so that color field se- 

when the TV system differs between units or between quential imaging will be done at a frame frequency 

circuits. which is m/n-fold of that of the second standard TV 

Yet another object of the present invention is to pro- system. A second control means generates a synchro- 
vide an electronic endoscope system that enables stable 1 ^ ag signa i of ^ seC ond standard TV system. A de- 
phasing of a synchronizing signal or a timing signal for 20 ^ raeans detects at least either a repe tition period 
signal processing irrespective of a difference in the TV QT ft hage Qf ^ cok)r field s tial illuminatmg 

system even during unstable operation after a power . . . . . ilJt . t i_ 

J , . ^ a x. 4.x. V\7 * J ff t means. A timing control means compares at least either 

supply is turned on, when the TV system differs be- A . . , , , , , . , , 

tween units or between circuits. the period or phase detected by the detecting means 

Yet another object of the present invention is to pro- 25 ^ the synchronizing signal provided by the second 

vide an electronic endoscope system capable of phasing control means, and phases a signal mput from the first 

a synchronizing signal or a control signal for signal control means, based on the comparison result. A color 

processing on a stable basis, unaffected with a jitter of a Md sequential illumination control means controls the 

rotary filter in an illuminating system when the TV phase of color field sequential illumination repeated in 

system differs between a display unit or a recording unit 30 the color field sequential illuminating means so as to be 

and an illuminating or imaging system. synchronized with the pseudo imaging sync signal input 

In a preferred embodiment, an electronic endoscope by the first control means, 

system of this invention includes an imaging means for The other features and advantages of the present 

imaging a subject at a first frame frequency, a signal invention will be apparent from the detailed description 

generating means that receives image signals of the 35 below, 
subject imaged by the imaging means and generates 

signals of a standard TV system having a second frame BRIEF DESCRIPTION OF THE DRAWINGS 

frequency which is approximately n/m-fold (where n p IG x is a conce ptual diagram of the present inven- 

and m are natural numbers, and n is unequal to m) of the t j on , 

first frame frequency, and a timing control means for 40 c l r • ui u -r r i * j 

, ^, n \ r r r ^ • FIG. 2 is a block diagram of an electronic endoscope 

synchronizing the first frame frequency of the imaging , . . A A % ^ , p 

means with the second frame frequency using a prede s ^ m T ?f n S to e ^odiment; 

termined timing signal output from the signal general- 3 sho ws waveforms of some of the signals in the 

ing means. system shown m FIG. 2; 

In another preferred embodiment, an electromc en- 45 FIG * 4 is a block diagram of a timing control circuit; 

doscope system of the present invention includes a FIG - 5 snows waveforms of the signals in the circuits 

color field sequential illuminating means that emits shown in FIG. 4 relating to the second embodiment; 

color field sequential illumination light for sequentially FIG. 6 is an explanatory view showing a change in 

illuminating a subject with multiple light rays of differ- the rotating speed of a motor after a power supply is 

ent color components at a first frame frequency, a signal 50 turned on; 

generating means which receives image signals ac- FIG. 7 is a block diagram of a timing control circuit 

quired under the illumination light of the color field relating to the third embodiment; 

sequential illuminating means and generates signals of a FIG. 8 shows waveforms of the signals in the circuits 

standard TV system having a second frame frequency shown in FIG T 

which is approximately n/m-fold (where n and m are 55 FIG 9 ^ a blo ^ k dia of a gecond controI circuit 

natural numbers, and n is unequal to m) of die first relatin to ^ fourth embodiment; 

tone frequency, and a timing control means for syn- FIG. 10 is a block diagram of a first control circuit 

chroruzing the first frame frequency of the color field , ^ . ^ , ,. 

sequential muminating mean? with the second frame rel *^ g ° ^ ™* ^ odiment '' , , . , 

frequency using a predetermined timing signal the sig- 60 FIG * 11 13 a block diagram of an electromc endo- 

nal generating means outputs. sca P c svstein relating to the sixth embodiment; 

According to an electronic endoscope system of the FIG 12 is a block diagram relating to an example of 

present invention in yet another preferred embodiment, a flrst signal processing circuit shown in FIG. 11; 

a color field sequential illuminating means emits color FIG. 13 is a block diagram of an electronic endo- 

field sequential illumination light for sequentially illumi- 65 scope system relating to the seventh embodiment; and 

nating a subject with multiple light rays of different FIG. 14 is a block diagram of an electronic endo- 

color components at a frame frequency of a first stan- scope system relating to a variant of the seventh em- 

dard TV signal An imaging means images the subject bodiment. 
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HFTAn Fn nFSPtt TPTTfW OF THF field muinination light, a speed/phase control 

* ^^-^ ^ **»v^*««-« * w> control means for controlling the repetition period of 

An electronic endoscope system of the present inven- illumination light in response to the pseudo imaging 
tion will be outlined on the basis of an example of a 5 sync signal provided by the first control means 8, and a 
construction shown in FIG. 1 or a conceptual diagram phase detecting means 13 for detecting a phase of repeti- 
of the present invention. tion of color field sequential illumination light 

An electronic endoscope system shown in FIG. 1 In the aforesaid construction, the speed/phase con- 
comprises an endoscope 1 including an imaging means trol means 12 of the light source apparatus 3 receives an 
for imaging a subject 50 and outputting signals, a signal 10 input from the signal processing unit 2, and controls the 
processing unit 2 including a signal processing means 6 repetition period of the color field sequential illuminat- 
for converting output signals of the imaging means 5 ing means 11 in response to a pseudo imaging sync 
into first standard TV signals, a light source apparatus 3 signal indicating the timing of imaging. The phase de- 
fer generating color field sequential iUumination light, tecting means 13 detects a cyclic phase of the color field 
detecting a repetition period and a phase of illumination 15 sequential illuminating means 11, and outputs the de- 
light, and outputting the detected repetition period and tected signal to the timing control means 10 of the signal 
phase to the signal processing unit, and a monitor means processing unit 2. 

4 for displaying a signal sent from the signal processing An optical image of a subject produced under color 
means 6. field sequential illumination light irradiated by the light 

The signal processing unit 2 includes a second control 20 source apparatus 3 is formed on the imaging plane of the 
means 7 for generating a synchronizing signal of a sec- imaging means 5 located at the distal end of the endo- 
ond standard TV system, a first control means 8 that scope 1. 

uses the synchronizing signal of the second standard The imaging means 5 is driven for imaging by the first 
TV system sent from the second control means 7 to control means 8 in a cycle of a frame frequency that is 
generate an imaging sync signal and a pseudo imaging 25 m/n-fold (where, m and n are natural numbers) of the 
sync signal of a first standard TV system, a driving frame frequency of the second standard TV system, and 
means 9 that uses the imaging sync signal to generate provides the signal processing means 6 with image sig- 
and output a drive signal for driving the imaging means nals acquired on a color field sequential basis. 
5, and a timing control means 10 for comparing a phase The signal processing means <T performs given signal 
detected by a phase detecting means, which will be 30 processing; such as, clamping, AGC, white balance 
described later, with the synchronizing signal sent from control, and gamma correction on the provided color 
the second control means, and matching the initial pha- field sequential image signals, then converts the signals 
ses of the imaging sync signal and pseudo imaging sync into digital signals. Thereafter, the signal processing 
signal generated by the first control means 8 on the basis means 6 synchronizes the color field sequential signals 
of the comparison result. 35 using memory means which are not shown. The opera- 

Herein, the second standard TV system has a frame tions, which are performed after the color field sequen- 
frequency that is approximately n/m-fold (where, n and tial image signals are input and subjected to various 
m are natural numbers, and m is unequal to n) of that of signal processing until the processed color field sequen- 
ce first standard TV system. tial image signals are written in the memory means and 

The first control means 8 sets a repetition period that 40 synchronized, are performed in response to the imaging 
is m/n-fold of the frame frequency of the second stan- sync signal by the first control means. The imaging sync 
dard TV system in response to the synchronizing signal signal is conformable to the first standard TV system, 
of the second standard TV system, generates an imag- The field sequential image signals stored in the mem- 
ing sync signal of the first standard TV system, and ory means are read simultaneously in response to the 
outputs the imaging signal sync signal to the driving 45 synchronizing signal of the second standard TV system 
means 9 and to signal processing means 6. At the same by the second control means 7. The read color signals 
time, the first control means 8 generates a pseudo imag- are subjected to various signal processing, fed to the 
ing sync signal whose frame frequency is approximately monitor means 4 together with the synchronizing signal 
m/n-fold of that of the second standard TV system and of the second standard TV system, then displayed as an 
outputs the pseudo imaging sync signal to the light 50 endoscopic image. 

source apparatus 3. As described above, in the field sequential type elec- 

The timing control means 10 compares the synchro- tronic endoscope system, a monitor means, an endo- 
nizing signal of the second standard TV system sent scope, and a light source apparatus can be used in com- 
from the second control means 7 with a phase signal bination for observation, although the TV system dif- 
provided by a phase detecting means 13 of the light 55 fers between the iUuminating and imaging methods 
source apparatus 3, and resets the first control means 8 thereof 

on the basis of the comparison result According to a field sequential type electronic endo- 

The signal processing means 6 is under the control of scope system shown in FIG. 1, a means for compensat- 
the imaging sync signal sent from the first control ing for an error between the repetition periods of a field 
means before it synchronizes color field sequential 60 sequential imaging means and of a color field sequential 
image signals sent from the imaging means 5. After iUuminating means is installed on a signal processing 
completing synchronization of the color field sequential unit. Therefore, the color field sequential illuminating 
image signals, the signal processing means 6 is under the means can be used in common irrelevant of the TV 
control of the synchronizing signal sent from the second system. This helps improve system development effi- 
control means 7 until it outputs the synchronized color 65 ciency and reduce costs. 

field sequential image signals to the display means 4. FIG. 2 shows the first embodiment of the present 

The light source apparatus 3 includes a color field invention. This embodiment will be described using an 
sequential illuminating means 11 for generating color example in which imaging is done under color field 
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sequential illumination light conformable to, for exam- NTSC field. The timing that a PAL field, a NTSC field, 

pie, the NTSC system that is regarded as a first standard and a color frame of color field sequential illumination 

TV system, and color field sequential image signals are substantially agree with one another is used as the tim- 

displayed on a monitor means of, for example, the PAL ing of phasing. 

system that is regarded as a second standard TV system. 5 Color field sequential iUumination light emitted by a 

In an endoscope 21, a light distribution lens 22 is light source apparatus 3 enters the incident end of a 
arranged at the distal end of an insertion section, and an light guide 23 of an endoscope 21, passes through an 

emission end of a light guide 23 is located on the proxi- emission end of the light guide 23 and a light distribu- 
mal side of the light distribution lens 22. The incident tion lens 22, then irradiates a subject An optical image 

end of the light guide 23 receives rays of color illumina- 10 of the subject illuminated by color field sequential il- 

tion light sequentially from a light source apparatus 26. lumination is formed on an imaging plane of a CCD 25 

In the endoscope 21, an objective optical system 24 is via an objective lens 24 located at the distal end of the 

also arranged at the distal end of the insertion section, endoscope. 

and a CCD 25 serving as an imaging means is located on A signal processing unit 34 performs various process- 

the proximal side of the objective optical system 24. IS ing on the color field sequential image signals f of the 

The CCD 25 forms an image of a subject illuminated subject the CCD 25 outputs after imaging the subject 

with color field sequential illumination light on its imag- under color field sequential illumination light, converts 

ing plane thereof, then outputs image signals produced the signals into PAL TV signals, then outputs the PAL 

by photoelectric conversion to a signal processing unit TV signals to a monitor 35. The monitor 35 inputs the 

34. 20 PAL TV signals and displays a subject image. 

The light source, apparatus 26 has a construction The CCD 25 is driven by a CCD drive circuit 36 of 

described below as a color field sequential illuminating a signal processing unit 34. Color field sequential image 

means. Specifically, the light source apparatus 26 com- signals are read from the CCD 25 at a frame frequency 

prises a rotary color filter 27 in which three optical that is 12/5-fold of the PAL frame frequency or at a 

color filters of red, green, and blue are arranged at equal 25 repetition period of 60 Hz, then supplied to a first signal 

intervals on a circumference, a lamp 28 for generating processing circuit 37. 

while light, a lens 29 for converging iUumination light The first signal processing circuit 37 performs various 

on a single surface of the light guide, and a motor 30 for signal processing such as, correlative double sampling 

rotating the rotary color filter. The light source appara- (CDS), AGC, white balance control, painting, clarnp- 

tus 26 further includes a speed detector 31 for detecting 30 ing, clipping, and gamma correction on the color field 

a rotating speed of the rotary color filter 27, a phase sequential image signals originating from the CCD 25 

detector 32 for detecting a phase of the rotary color under the control of a first control circuit 38. The sig- 

filter 27, and a speed/phase servo circuit 33 serving as a rials that have undergone the various processing are fed 

color field sequential iHurnination control means for to memory circuits 40 via A/D converters 39. 

controlling the rotation of the motor 30 according to 35 The memory circuits 40 are in one-to-one correspon- 

the results of detecting the speed and phase in response dence to the colors of the color field sequential image 

to a pseudo imaging sync signal sent from a signal pro- signals originating from the CCD 25. Under the control 

cessing circuit which will be described later. of the first control circuit 38, color image signals R, G, 

The speed detector 31 is realized with, for example, a and B are written in the associated memory circuits 40. 

frequency oscillator installed in the motor 30 and out- 40 Under the control of a second control means 41, the 

puts pulses c by the number of revolutions of the motor. color signals are read simultaneously from the memory 

The phase detector 32 is realized with, for example, a circuits 40 in response to the PAL TV signals. The read 

photosensor and detects a rotational phase of the rotary color signals pass through D/A converters 42 and enter 

color filter 27 by detecting reflected light of a reflector, a second signal processing circuit 43. 

which is not shown, located at a given position on, for 45 The second signal processing circuit 43 performs 

example, the rotary color filter 27. various signal processing on respective color image 

In the color field sequential illuminating means, as the signals that have been made concurrent with one an- 

rotary color filter 27 rotates, an exposure time during other synchronously with the PAL TV signals. The 

which light passes and an interception time during various signal processing include, for example, correc- 

which light is intercepted are established. The signal 50 tion of irregular signal levels of color signals and cor- 

processing unit 34 reads charges, which are accumu- rection of colors using matrix circuits which are not 

lated in the CCD 25 during the exposure time, during shown. After completing the various processing, the 

the interception time, and acquires color field sequential second signal processing circuit 43 outputs PAL TV 

image signals. Therefore, transmission of image signals signals (h) to the monitor 35. Alternatively, the second 

must be synchronized with rotation of the rotary color 55 signal processing circuit 43 encodes the PAL TV sig- 

filter 27. The speed/phase servo circuit 33 controls the nals, then outputs the encoded signals to the monitor 35. 

rotation of the rotary color filter 27 by performing The second control circuit 41 generates a standard 

phase synchronization control that includes speed con- (for example, PAL) TV synchronizing signal to control 

trol. reading from the memory circuits 40, and operations of 

Assuming that the first standard TV system is NTSC, 60 the D/A converters 39 and the second signal processing 

and the second standard TV system is PAL, operation circuit 43. The second control circuit 41 outputs a PAL 

will be described below. synchronizing signal PAL-V/>to the first control circuit 

In this embodiment, a rotary color filter 27 is set to 38 and timing control circuit 44. 

rotate at a frame frequency of 19.98 Hz that is 3/2-fold The first control circuit 38 uses the PAL synchroniz- 

of the NTSC frame frequency. The repetition period for 65 ing signal sent from the second control means 41 to 

color frames of red (R), green (G), and blue (B) amounts generate a field sequential imaging sync signal (b) with 

to 59.94 Hz. This means that color frames of color field a repetition period that is 12/5-fold of the PAL frame 

sequential iUumination are switched in unit of one frequency, and outputs the signal (b) to a CCD drive 
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circuit 36. At the same time, the first control circuit 38 
uses the control signal generated using the synchroniz- 
ing signal to control the operations of the first signal 
processing circuit 37 and A/D converters 39, and writ- 
ing in the memory circuits 40 based on. S 

The first control circuit 38 generates a pseudo imag- 
ing sync signal (e) with a repetition period of 59.94 Hz 
that is 12/5-fold of the PAL frame frequency, and out- . 
puts the signal e to a speed/phase servo circuit 33 that 
controls a motor 30. The phases of the field sequential 10 
imaging sync signal b and pseudo imaging sync signal 
(e) are determined with a reset signal fed by the timing 
control circuit 44. 

The timing control circuit 44 compares the PAL TV 
synchronizing signal (a) fed by the second control cir- IS 
cuit 41 with a phase detecting signal (c) fed by a phase 
detector 32 of a light source apparatus 26, and resets the 
first control circuit 38 on the basis of the comparison 
result. 

FIG. 3 shows waveforms of some of the signals pro- 20 
vided by the circuits shown in FIG. 2. A waveform (a) 
shown in FIG. 3 represents a PAL vertical synchroniz- 
ing signal V/> generated by a second control means 41. 
"e" and "o" in FIG. 3 denote even and odd fields. A 
waveform (b) represents a field sequential imaging sync 25 
signal generated by a first control circuit 38, which has 
a repetition period of 60 Hz. A waveform c represents 
an output of a phase detector 32, which is generated at 
the rate of one pulse per a rotation of a rotary color 
filter 27 immediately before red (R) illumination is com- 30 
pleted. 

A waveform (d) shown in FIG. 3 represents a reset 
signal generated by a timing control circuit 44. The 
reset signal d is generated when the phase of the PAL 
vertical synchronizing signal V& a for the initial odd 35 
field and that of the phase detecting signal (c) become a 
given value. The reset signal d will not lag or lead when 
generated using a quadruplex signal (-^4) of the phase 
detecting signal (c). A duplex signal (-=-2) of the phase 
detecting signal (c) is an intermediate signal used to 40 
generate the quadruplex signal (-^4). The reset signal is 
fed to the first control circuit 38, and initializes the 
control signals including the field sequential imaging 
sync signal b, pseudo imaging sync signal e, and mem- 
ory write select signal g so that the control signals will 45 
have given phases. In short, the reset signal is a signal 
for performing phasing. 

R, G, and B image data are read simultaneously from 
memory circuits 40 in response to a PAL TV synchro- 
nizing signal under the control of a second control 50 
means 41. On the other hand, since the image data in the 
memory circuits 40 are sequentially updated with input 
of field sequential image signals f, writing is controlled 
so as not to outpace reading, or vice versa. 

According to the above construction, a common light 55 
source apparatus can be shared between a PAL elec- 
tronic endoscope system and an NTSC electronic endo- 
scope system. 

In this embodiment, a means for compensating for an 
error between the repetition periods of a field sequential 60 
imaging means and a color field sequential illuminating 
means is installed on a signal processing means in a field 
sequential imaging type electronic endoscope system. 
Specifically, in this embodiment, a synchronizing signal 
generated by a first control circuit can be put in phase 65 
with a synchronizing signal of a second standard TV 
system by means of a timing control circuit. A common 
color field sequential illuminating means can be shared 
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between different TV systems. This helps improve sys- 
tem development efficiency and reduce costs. 

According to the present invention, the first standard 
TV system may be PAL and the second standard TV 
system may be NTSC, which is reverse to those in the 
first embodiment The TV system is not limited to PAL 
and NTSC. Either of first and second standard TV 
systems may be SEC AM. The present invention is not 
restricted to the aforesaid color television systems. 

FIG. 4 shows the second embodiment of the present 
invention. 

The second embodiment includes a timing control 
circuit 44A instead of a timing control circuit 44 for the 
first embodiment shown in FIG. 2. The timing control 
circuit 44A can operate stably even in a transient state 
after a power supply is turned on. The other compo- 
nents identical to those of the first embodiment are 
assigned the same numerals. The components and the 
operation identical to that of the first embodiment will 
not be described. 

In a transient state, the rotating speed of a rotary filter 
27 shows the responsiveness shown in FIG. 6. There is 
a possibility that a phase difference which will not 
occur normally may occur as shown in FIG. 5 between 
a PAL-VD signal (a) and a phase detecting signal (c). In 
this case, a color field sequential illuminating means and 
a CCD 25 cannot be synchronized, so that an image is 
disturbed. This embodiment has an innovative construc- 
tion, whereby initialization of phases will be unstable in 
a transient state after a power supply is turned on. 

A timing control circuit 44A comprises a period de- 
tector 45 and a reset signal generating circuit 46. 

The period detector 45 continuously detects a repeti- 
tion period of a phase detected signal (c) fed by a phase 
detector 32 of a light source apparatus 3. When the 
period indicates a given width, the period detector 45 
Outputs an enable signal (i) to the reset signal generat- 
ing circuit 46, and thus enables the reset signal generat- 
ing circuit 46 to output a reset signal. At this time, the 
reset signal generating circuit 46 operates in the same 
manner as a timing control circuit 44 described in the 
first embodiment. The description will, therefore, be 
omitted. The reset signal generating circuit 46 does not 
output a reset signal unless permitted. 

Owing to the above construction, unstableness in the 
operation of the timing control circuit 44A occurring in 
a transient state can be alleviated. The other compo- 
nents, and the operation and advantages are identical to 
those of the first embodiment. The description will, 
therefore, be omitted. 

FIGS. 7 and 8 relate to the third embodiment of the 
present invention. FIG. 7 is a block diagram showing an 
example of a timing control circuit. FIG. 8 shows wave- 
forms representing the operations of the circuits shown 
in FIG. 7. 

A timing control circuit 50 in the third embodiment 
shown in FIG. 7 has a frequency quartering circuit 51 
serving as a frequency dividing means that inputs a 
phase detected signal WSP provided by a phase detec- 
tor 32 shown in FIG. 2. The timing control circuit 50 
further includes an edge sampling circuit 52 serving as 
an edge sampling means that outputs a synchronous 
period signal, a period detector 53 serving as a specified 
period detecting means, and an AND gate 54 having 
three inputs and serving as a gate means. 

An output of the AND gate 54 is fed to a synchroniz- 
ing signal generating circuit 55 serving as a first control 
means. The synchronizing signal generating circuit 55 
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outputs a horizontal synchronizing signal CLK to the tern, the vertical period measures 20 msec. The pseudo 

period detector 53. imaging sync signal LSYNC corresponds to an NTSC 

The frequency quartering circuit 51 quarters the fre- composite synchromzing signal whose phase error is 

quency of the phase detecting signal WSP. The edge reset at every 12 vertical scanning line intervals for a 

sampling circuit 52 generates a signal representing a 5 PAX* vertical period. 

sampled edge of a quartered phase detected signal When the synchronizing signal generating circuit 55 
WSP4 the frequency quartering circuit 51 outputs. At is reset using the edge of the WSP4 signal as it is, a 
the trailing edge of the received quartered phase de- feedback system is formed between a servo system of a 
tected signal WSP4, the edge sampling circuit 52 out- color field sequential illuminating means, and a timing 
puts a quartered phase edge sampled signal WSP4L 10 control circuit or a synchronizing signal generating 
(hereafter, abbreviated as WSP4L signal) that is syn- circuit 55. The WSP signal represents a detected rota- 
chronized with a vertical synchronizing signal Vi>out- tional phase of a rotary filter 27, which, therefore, con- 
put by a second control circuit 41. The WSP4L signal is tains a jitter component The WSP4 signal obtained by 
a synchronous period signal, which is, for example, high quartering the WSP signal also contains a jitter compo- 
in a period of time from a PAL vertical synchronizing 15 nent. Therefore, the construction which uses the edge 
signal Vd following the trailing edge of the quartered of the WSP4 signal as it is has difficulties in stabilizing 
phase detected signal WSP4 to the next vertical syn- circuits. 

chronizing signal In contrast, this embodiment uses, for resetting, the 
The period detector 53 detects whether or not the vertical synchronizing signal V£> occurring immediately 
period of the WSP4L signal is within a specified period, 20 after the edge of WSP4L. Therefore, after initial phases 
using a horizontal synchronizing signal HCLK sent are matched with a predetermined timing signal, after a 
from the synchronizing signal generating circuit 55 as a power supply is turned on, the VRESET signal is con- 
reference, stantly tracked by a signal having the same phase. 

The AND gate 54 provides the AND of the vertical Therefore, a feedback circuit is not formed in a steady 
synchronizing signal Vd, the WSP4L signal, and an 25 state. Consequently, this embodiment permits stable 
output of the period detector 53. Then, when these phase matching which is unaffected by a jitter cornpo- 
three signals are high, the AND gate 54 outputs a reset nent of the phase detected signal WSP. 
signal VRESET for phasing a pseudo imaging sync According to the above construction, the third em- 
signal LSYN generated by the synchronizing signal bodiment permits common use of a color field sequen- 
generating circuit 55. 30 rial illuminating means whose frame frequency differs 
In the foregoing construction, the frequency quarter- from that of a monitor. This embodiment can easily 
ing circuit 51 quarters the phase detected signal WSP generate standard TV signals whose frame frequency 
(See FIG. 8a) representing a cycle of a color field se- differs from that of the color field sequential illuminat- 
quential illuminating means, and provides the quartered ing means and imaging means, without causing, disad- 
phase detected signal WSP4 shown in FIG. 86. Then, 35 vantages such as out-of-synchronism and lead scan, 
the edge sampling circuit 52 samples one vertical period FIG. 9 is a block diagram of a second control circuit 
(vertical scanning line interval) immediately after the according to the fourth embodiment of the present 
trailing edge of the WSP4 signal, and outputs the invention. 

WSP4L signal shown in FIG. 8c: FIG. Bd shows a PAL A second control circuit 56 according to the fourth 

vertical synchronizing signal Vj> 40 embodiment comprises a clock generator 57 for gener- 

The period detector 53 checks whether the vertical ating a reference clock CLK, a horizontal counter 

period of the WSP4L signal is within a predetermined (hereafter, abbreviated as H counter) 58, a horizontal 

width. If the vertical period is within the predetermined ROM (hereafter, abbreviated as HROM) serving as a 

width, a high-level signal is supplied. horizontal memory means, a vertical counter (hereafter, 

The PAL vertical synchronizing signal V^, the 45 abbreviated as V counter) 60, a vertical ROM (hereaf- 
WSP4L signal, and the output of the period detector 53 ter, abbreviated as VROM) serving as a vertical mem- 
are ANDed by the AND gate 54, providing a reset ory means 61, and a control signal generating circuit 62. 
signal VRESET shown in FIG. Se. The reset signal The H counter 58 counts up a reference clock CLK 
VRESET is used to reset the synchronizing signal gen- sent from the clock generator 57, and outputs a count 
crating circuit 55, or for phasing. 50 value as an address in the HROM 59. The H counter 58 

As described above, in this embodiment, since a sig- is loaded according to the tuning data pre-written in the 

nal width is predetennined, after the power supply is HROM 59. Therefore, the H counter 58 can be oper- 

turned on, phasing is carried out when the period of the ated as a counter for a specified period, for example, a 

phase detected signal WSP changes from an unstable horizontal period of a second standard TV system, 

state to a steady state. 55 Specifically, the data (timing) written in the HROM 59 

The synchronizing signal generating circuit 55 gener- varies depending on an address specified with the count 

ates a pseudo imaging sync signal LSYNC shown in and represents "high" for each horizontal period or 

FIG. 8/ The phase of the pseudo imaging sync signal 'low" for the period other than horizontal period. Data 

LSYNC is locked onto a vertical repetition period with corresponding to one horizontal period of the second 

a predetennined timing signal (VRESET signal). Then, 60 standard TV system is sufficient for the HROM 59. 

the synchronizing signal generating circuit 55 sends the The data pre-written in the HROM 59 is read periodi- 

pseudo imaging sync signal LSYNC to a speed/phase cally and sent as a horizontal synchronizing signal of the 

servo control circuit 33, which is shown in FIG. 1, second standard TV system to the control signal gener- 

serving as a color field sequential iUurnination control ating circuit 62. 

means, 65 The V counter 60 counts up a horizontal clock 

Assuming that the first standard TV system is NTSC HCLK for loading, which is supplied from the HROM 

and the second standard TV system is PAL, since the 59, and outputs a count value as an address in the 

foregoing vertical period is allocated to the PAL sys- VROM 61. The horizontal clock HCLK is also a signal 
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having a horizontal period of the second standard TV An output of the VROM 66 is fed to a clear terminal 

system. of the D-FF circuit 67. In the D-FF circuit 67, a data 

The V counter 60 is loaded (LD) according to the input terminal is pulled up to "high" and a clock termi- 

timing data pre-written in the VROM 61. Therefore, nal receives a reference clock CLK. An output terminal 

the V counter 60 also operates as a counter for a sped- 5 Q of the D-FF circuit 67 is connected to a reset terminal 

fled period. Specifically, the data (timing) written in the of the H counter 68. 

VROM 61 varies depending on an address specified The reference clock CLK may be the same as or 

with a count, and represents, for example, "high" for different from that shown in FIG. 9. However, when 

each vertical period of the second standard TV system the reference clock CLK is different from that shown in 

and "low" for the period other than vertical period. 10 FIG. 9, the clocks must be locked in phase at the timing 

Data corresponding to one vertical period of the second c f a horizontal period. 

standard TV system is sufficient for the VROM 61. j^e H counter 68 counts up the reference clock 

The data pre-written in the VROM 61 is read periodi- CLK, and resets the count in response to a Q output of 

cally, and supplied as a vertical synchronizing signal of ^ j>FF circuit 67. The count value of the H counter 

the second standard TV system to the control signal 15 68 is placed as an address in the HROM 69. Based on the 

generating circuit 62. . . ^ . input address value, by means of the pre-written data, 

The contro signal generating circuit 62 synthesizes ^ 69 ou ^ uts a signal for ^ hori . 

the horizontal synchromzmg . signal and vertical 20ntal riod of ^ first standard ^ and a 

s^c^n^g si^ VA which are read from the low . level si ^ for ^ riod other than horizontal 

HROM 59 and VROM 61, to generate and, output a 20 riod hr OM % 9 COntains the ^ corre . 

synchromzmg signal of the second standard^^stem ^ to ^ mtegral multiple G f a horizontal period, 

such as a composite synchronizing signal CSYNC, a ^ £^ d £ ^ circuit 70 ^ £ verti . 

memory read control signal synchronous with the syn- , , . . . ° n , ° , c „ 

x. ■ i r^ / T - * i - i j ca * synchromzmg signal Vjyread from the VROM 66 

chromzmg signal, a D/A conversion control signal, and , J , . . , e . . . . „ , - A . 

^ . ZTT • •> c ^ j - , - ~- and a horizontal synchronizing signal Hn read from the 

a timing control signal for the second signal processing 25 m ^,^ n ^ y „ * u lv - flU lluUJ ^ 

circuit HROM 69 to generate a composite synchromzmg signal 

The other components, operation, and advantages are ?.SYNC, a CC ?. drivm * ^ - «sPfctive control 

' identical to those of the first embodiment. The descrip- ***** fo . r cont ^g operations of the first signal pro- 

tion will, therefore, be omitted. cessm S circmt > A/D converters, and writing m memory 

FIG. 10 is a block diagram of a first control circuit 30 or r the L J . ^ ^ 

relating to the fifth embodiment of the present inven- In tlus embodiment, a field sequential light source 

fi QTL apparatus for an endoscope having an imaging frame 

As shown in FIG. 10, a first control circuit 64 com- frequency conformable to, for example, the NTSC sys- 
prises a V counter 65 for inputting a reset signal VRE- tem ^ for Paging* and video signals conformable 
SET provided by a timing control circuit 50 shown in 35 to ' for example, the PAL system are supplied. As long 
FIG. 7 and a horizontal synchronizing signal H/> of a 35 at least the imaging frame is conformable to the 
second standard TV system, a VROM 66 serving as a NTSC system, even if signals are not in phase perfectly, 
vertical memory means, a D flip-flop (hereafter, D-FF) ^ present invention achieves objects thereof. There- 
circuit 67, an H counter 68, a HROM 69 serving as a f ? re » ^ HROM 69 stores data in which horizontal 
horizontal memory means, and a control signal generat- 40 ^°^S of imaging is set so that all the necessary pixels of 
ing circuit 70. a CCD 25 can be read during an interception period (for 

With the construction of the V counter 65 and example, an cycle of 16.7 ms and a width of 8.2 ms) for 
VROM 66, a signal is supplied at each vertical period. one-field NTSC period. Assuming that the refer- 
In other words, a vertical synchronizing signal is gener- ence clock CLK has a frequency of 16.09375 MHz, the 
ated. The V counter 65 counts up a horizontal synchro- 45 CCD driving frequency is 8.05 MHz, and the number of 
nizing signal and resets the count in response to a pixels of the CCD is 200 by 200, if CCD read is driven 
reset signal VRESET. The reset signal VRESET is at toe rate of three lines per two PAL horizontal peri- 
generated when the synchronizing signals of a first °ds, ^e data of all the pixels of the CCD can be read 
standard TV system and a second standard TV system during the interception period. Therefore, in the afore- 
are put substantially in phase. 50 said embodiment, the data corresponding to two PAL 

The count of the V counter 65 is placed as an address horizontal periods are placed in the HROM 69. The 

in the VROM 66. In the VROM 66, data "high" is control signal generating circuit 70 drives CCD read for 

written at a vertical period of the first standard TV three lines during two horizontal periods, and generates 

system. Data corresponding to a repetition period of the control signals for controlling signal processing, 

reset signal VRESET is sufficient for the VROM 66. 55 In the foregoing construction, the VRESET signal 

Alternatively, the VROM 66 may contain the data cor- representing that the phases of the first and second 

responding to an mtegral multiple of the repetition per- standard TV systems are matching is fed by the timing 

iod. control circuit 50. With the VRESET signal, the V 

Twelve vertical periods of the NTSC system corre- counter 65 is reset. The V counter 65 counts up a hori- 

spond substantially to ten vertical periods of the PAL 60 zontal synchronizing signal H/> fed by, for example, a 

system. Assuming that the first standard TV system is second control circuit 56 shown in FIG. 9, and outputs 

NTSC and the second standard TV system is PAL, data the count value as an address value of the VROM 66. 

corresponding to ten PAL vertical periods represents According to the input address value, the data pre-writ- 

an entire NTSC synchronizing signal. That is to say, ten in the VROM 66 is read and supplied as a vertical 

one period of the reset signal VRESET corresponds 65 synchronizing signal to the control signal generating 

substantially to ten PAL vertical periods. A difference circuit 70. 

between a PAL period and an NTSC period is approxi- An output of the VROM 66 is fed to the D-FF circuit 

mately 200 /-is, which is negligible. 67 that has a clear terminal, whereby the edge of the 
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output is sampled. With the sampled output, the H sequential image signals at a first frame frequency, and 

counter 68 is reset outputs the signals to a first signal processing circuit 85. 

The H counter 68 outputs a count of reference clocks The first signal processing circuit 85 performs a vari- 

CLK fed by a clock generator, which is not shown, as ety of signal processing on the image signals sent from 

an address value of the HROM 69. According to the 5 the CCD 47 under the control of a first control circuit 

input address value, the pre-written data is read from 86. The variety of signal processing include, for exam- 

the HROM 69, and supplied as a horizontal synchroniz- pie, clamping, automatic gain control (AGC), knee 

ing signal Hi>to the control signal generating circuit 70. point correction, clipping, gamma correction, filtering, 

The control signal generating circuit 70 uses the syn- color separation, automatic light control detection, and 

chronizing signals Hx>and V D to generate and output a 10 white balance control. The first signal processing cir- 

CCD driving signal, a tuning control signal for the first cuit 85 supplies the signals, which have undergone the 

signal processing circuit, control signals for controlling S iven processing, to memory circuits 88 via A/D con- 

the operations of the A/D converters, and control sig- verters 87. 

nals for controlling writing in memories. FIG. 12 is a block diagram showing an example of a 
Next, the sixth embodiment will be described. An 15 first signal processing circuit 85. The first signal pro- 
electronic endoscope system of the sixth embodiment cessing circuit 85 includes a pre-stage processing- 
shown in FIG. 11 is an example of a simultaneous imag- /detecting circuit 101 for perfonning various signal 
ing type system in which the present invention is imple- processing; such as, gamma correction, AGC, and aug- 
mented. The components identical to those shown in h * ht control detection. An output resulting from 
FIG. 2 are assigned the same numerals. The description 20 detectlon for automatic light control is supplied from 
will be omitted. ^ e P re " sta g e processing/detecting circuit 101 to the 
An electronic endoscope system 71 of this embodi- diaphragm drive circuit 83. The diaphragm drive cir- 
ment includes an electronic endoscope 72 in which a curt 83 <f^^y controls the aperture size of the dia- 
CCD 74 serving as an imaging means is installed at the „ ^ hr ^ *\ accordmg to the output resulting from the 
distal end of an insertion section, and a light source 25 de £* on for automatic hght control, 
apparatus 75 for generating white illumination light. ^ Postage proce^g/detecting circuit 101 out- 
The electronic endoscope system 71 includes a signal puts f 13 ^ ^ mch ^ undergone the various 
processing unit 77 that drives the CCD 74 via a signal SSP^J 0 ^" 1 ^ 8 ° ie 2f t ^T*' 
line 76 inserted through the endoscope 72, perfoms « R^n?™ 

m V An nr^pccin. rariA ci,™*ic 'f/™ ™ 30 BPF ) 104 * LPFs 102 and 103 performs band-hmita- 

fl Ln^hl! ^r^X^T^ Outputs TV Slg- ^ ^ ^ ^ W 

^-SSTSf < J ^ SyStem ad0Pt6d m ™<* signal Y H and a narrow-band luminance signal 

a monitor 35 connected externally or m an image re- reS p e ctiveIy 

cording unit 78. An f ±& Bpp M . fed 

In the dectromc endoscope 72, as shown in FIG. 12* 35 tion/whit ^ balance ^ cyjit 105 . Xhe ^ separ ^ A 
a color serration filter array 79 « attached to the imag- whke baJance drcuft 1Q5 ^ ^ Qu Bpp 
ing plane. The color separation filter array 79 consistsof 104 ^ LpF m ^ form ^ ope P ration , whereby 
multiple color mosaic filters of, for example yellow white balance is attained md co lor difference signals 
(Ye), cyan (Cy), magenta (Mg), and green (G). R-Y L and B- Y L are produced 

A YAG cutoff filter 80 for cutting off YAG laser 40 ^ mvatm 87 con vert outputs of the first signal 
beam components and a crystal filter 81 for cuttmg off processing circuit 85 into digitSi l signals. For example, 
infrared light are arranged in that order from the distal when ^ fot si ^ processing circuit 85 has 
end between an objective optical system 24 and the tion shown in FIG . 12> the A/D convertcrs 87 providcs 
color separation filter array 79 of die CCD 74. That is to a digital i uminance sign al Y, and digital color difference 
say, an imaging system is formed to pass visible hght 45 s igna] s r_y and B— Y. 

components alone. Memory circuits 88 contains the digital luminance 

In a light source apparatus 75, a diaphragm 82 is signal Y , and the digital color difference signals R— Y 
placed between a lamp 28 and a condenser lens 29. The and B- Y, which are supplied by the A/D converters 
diaphragm 82 adjusts a quantity of white light coming 37. Respective data read from the memory circuits 88 
from the lamp 28 and entering a light guide 23. The 50 are converted into analog signals by D/A converters 
aperture size of the diaphragm 82 is controlled by a 8 9, and fed to a second signal processing circuit 90. 
diaphragm drive circuit 83. The mem0 ry circuits 88 are read simultaneously 

An optical image of a subject illuminated with illumi- un^r the control of the second control means 91; that 
nation light from the light source apparatus 75 is formed ^ at timing of a second ^ 2me frequency (for example 
on the imaging plane of the CCD 74. At this time, the 55 25 frames/see that is conformable to the PAL system), 
optical image is separated m colors by the color separa- The D/A converters 89 perform conversion at timing 
tion filter array 79 attached to the front of the CCD 74, 0 f the second frame frequency. 

converted photoelectrically by the CCD 74, then read The second signal processing circuit 90 performs 
as electric signals under the control of the CCD driving various signal processing on the luminance and color 
circuit 84. 60 difference signals, which are made concurrent synchro- 

The CCD driving circuit 84 drives the CCD 74 for nously with, for example, PAL TV signals, based on a 
imaging at a first frame frequency (for example, 29.97 timing signal from the second control circuit 91. The 
frames/sec that is conformable to the NTSC system) various processing performed by the second signal pro- 
according to an output of a first control circuit which cessing circuit 90 include, for example, clamping, mask- 
will be described later. 65 ing, matrixing, contour correction, clipping, and PAL 

The CCD 74 is driven by the CCD driving circuit 84 encoding. After completing given signal processing, the 
of the signal processing unit 77, whereby data is read second signal processing circuit 90 outputs PAL TV 
from the CCD 74. Then, the CCD 74 generates dot signals or other TV signals conformable to the TV 
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system of the monitor 35 to the monitor 35. Alterna- 11 for processing signals at a first frame frequency are 

tively, the output of the second signal processing circuit incorporated The signal processing unit 77A comprises 

90 is supplied to a PAL VTR or other an image record- a CCD drive circuit 84, a first control circuit 86, a first 

ing unit 78. signal processing circuit 85, and a timing control circuit 

The second control circuit 91 generates a TV syn- 5 92 for resetting a frame phase, 

chronizing signal with a second frame frequency, makes The endoscope system 95 includes a signal convert- 

the above control, and outputs the synchronizing signal ing unit 77B made up of a second control circuit 91A 

to the first control circuit 86. and a second signal processing circuit 90A that adopt a 

On the other hand, the first control circuit 86 uses the second frame frequency. The signal converting unit 77B 

synchronizing signal from the second control circuit 91 10 jg detachable from the signal processing unit 77 A. In 

to generate a synchronizing signal with a first frame 0 ther words, the second control circuit 91A and second 

frequency and signals for the control operations de- signal processing circuit 90A are detachable from the 

scribed below. Specifically, the first control circuit 86 signal processing unit 77. 

controls the timing of signal processing by the first ^ ^ seventh embodiment, the second signal pro- 
signal processing circuit 85, the timing of conversion by 15 circuit ^ a/D converters, memory 
the A/D converters 87. and the writing in the memory circuits 88j ^ D/A inverters 89, in addition to a 
circuits 88. These control operations are performed at second processing circuit 90 included in the em- 
timing synchronized with thee first frame frequency ho 6mxcnt shown in FIG. 11. The second control circuit 

A timing control circuit 92 is mstalled to match the 91A nQt on , fmBdxm similarJ tQ a second 

frame phases of the firstand second control circuits 86 20 circuit 91 ^ QWn ^ FIG n but ^ controls m 

and 91. The timing control circuit 92 generates a sigmd ^ ^ othercircuit operations are identical to those 

for resetting the frame pluse of the firs control circuit of ^ ^ cmbodimcnt P 

86 using a predetermined timing signal sent from the r*. * * *l r - ^_ ^ 

second Wrol circuit 91. ^ing to me foregomg construction, the present 

In this embodiment, a phase specified in the first con- 25 emb °*m ent be connected to a monitor, an image 

trol circuit 86 is reset at each cycle of a frequency "*» rdm S ™* or a ^ such as a video 

equivalent to a maximum common measure between the * mter > WmC 1 h <* erat€ ? accordm g to a ^ 

first and second frame frequencies. Assuming that the f£ tem ' merely ^ re P lacm S * signal converting unit 

first and second frame frequencies conform, for exam- That is to say, while an endoscope, a light source appa- 

ple, to the NTSC and PAL systems respectively, a 30 rat ^ ^ d a ^ P^cessmg umt are used in common, 

phase is reset at every five frames (in unit of 5 Hz). onl y when s ^ converting umts of different TV sys- 

Herein, five frames make up a frequency equivalent to tems m chan S ed » multiple momtors with different TV 

the maximum common measure. systems can be connected. Instead of the monitors, this 

The first frame frequency must not be conformable to embodiment can also be connected to a unit that re- 
a first standard TV system, but must be an integral 35 ceives of a different TV system and which is 
multiple of the frame frequency of a second standard constructed as an existing system, when a signal con- 
TV system. verting unit is placed between them. 

This embodiment can easily generate TV signals with 1x1 811 electronic endoscope system shown in FIG. 13, 

a frame frequency, which is different from a frame fre- a signal processing unit may include a timing control 

quency adopted in an imaging system, without causing 40 circuit (made using, for example, ICs) as indicated with 

disadvantages such as out-of-synchronism and lead a dashed un© m FIG. 13. 

scan. This embodiment can supply stable TV signals to The other components, operation, and advantages are 

a monitor, an image recording unit, or the like. identical to those of the six embodiment. The descrip- 

In this embodiment, multiple electronic endoscopes ^on will, therefore, be omitted, 

which output signals conformable to different TV sys- 45 In ^ sixtl1 or seventh embodiment, a second control 

tems can share substantially all operations; such as, circuit 91 or 91A may be formed similarly to a second 

generating a CCD drive signal, driving a CCD, and control circuit 56 shown in FIG. 9. In the sixth or sev- 

handling a CCD read signal. Thus, excellent develop- enth embodiment, a first control circuit 86 may be 

ment efficiency ensues. Moreover, this embodiment can formed similarly to a first control circuit 64 shown in 

be easily realized with ICs, facilitating mass production 50 FI G- 10 - 

potentiality. FIG. 14 is a block diagram of an electronic endo- 
The other components identical to those of the first scope system relating to a variant of the seventh em- 
embodiment are assigned the same numerals. The com- bodiment. 

ponents and the operation identical to that of the first An electronic endoscope system 96 of this variant 

embodiment will not be described. 55 includes an external endoscopic TV camera 98 that is 

FIG. 13 is a block diagram of an electronic endo- detachable from an optical fiber endoscope 97. The 
scope system relating to the seventh embodiment of the other components identical to those of the seventh em- 
present invention. bodiment are assigned the same numerals. The compo- 

A system of this embodiment is, similarly to the sixth nents and the operation identical to that of the seventh 

embodiment, materialized as a simultaneous imaging 60 embodiment will not be described, 

type system. In the seventh embodiment, the compo- In the optical fiber endoscope 97, image guide fibers 

nents identical to those in the sixth embodiment are 99 are attached to the rear end of an objective optical 

assigned the same numerals. The components, and the system 24. The image guide fibers 99 are extending from 

operation identical to that of the sixth embodiment will the distal end of the endoscope 97 to an eyepiece unit 

not be described. 65 The external TV camera 98 forms an optical image 

An endoscope system 95 of the seventh embodiment transmitted through the image guide fibers 99 on the 

includes a signal processing unit 77A in which a circuit imaging plane of a CCD 98 via an image formation lens 

group included in the sixth embodiment shown in FIG. 100. 
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The other components, operation, and advantages are 
identical to those of the seventh embodiment. The de- 
scription will be omitted. 

In the aforesaid embodiments and variant, a first con- 
trol circuit is reset by a timing control circuit using a 5 
second control circuit as a reference. The roles of the 
first and second control circuits may be reverse. 

In the aforesaid embodiments, a first standard TV 
system is NTSC, and a second standard TV system is 
PAL. The first and second standard TV systems may be 10 
reverse. Alternatively, SECAM may be adopted instead 
of either of these systems. 

When a liquid crystal light valve or other diaphragm 
is installed in a light source apparatus, a tone variation 
in an observation image resulting from a change in the IS 
area of an aperture of the diaphragm that is caused by 
near observation must be prevented. 

In an endoscope having an automatic diaphragm 
mechanism in front of a CCD, a color correction filter 
for compensating for a change in spectral transmission 20 
characteristic resulting from automatic diaphragmatic 
operation is placed on an optical axis between a lamp 
and an incident end of a light guide in a light source 
apparatus for controlling drive of the automatic dia- 
phragm mechanism. Based on an output signal of a 25 
photomerry or range finding means installed in front of 
the automatic diaphragm mechanism, the color correc- 
tion filter is advanced to or withdrawn from an optical 
path of illumination light. Moreover, an aperture diame- 
ter determining means is incorporated to indicate an 30 
aperture diameter to a drive control means for the auto- 
matic diaphragm mechanism in the light source appara- 
tus. 

In the foregoing construction, the color correction 
filter advances to or withdraws from the optical path of 35 
illumination light in the light source apparatus synchro- 
nously with automatic diaphragmatic operation. This 
prevents a tone variation from occurring in an observa- 
tion image as a result of a change in the area of the 
aperture of the diaphragm. 

In this embodiment, it will be apparent that a wide 
range of embodiments can be constructed on the basis of 
the spirit of the present invention. The invention is 
limited to the appended claims but not restricted to any 
specific embodiment. 

What is claimed is: 

1. An electronic endoscope system comprising: 

a color field sequential illuminating means for emit- 
ting, at a frame frequency of a first standard TV 
system, color field sequential illumination light for 50 
sequentially illuminating a subject with a plurality 
of light rays of different color components; 

an imaging means for imaging said subject under 
illumination light of said color field sequential illu- 
minating means; 55 

a signal generating means for receiving color field 
sequential image signals acquired by said imaging 
means, and generating video signals of a second 
standard TV system having a frame frequency 
which is approximately n/m-fold of that of said 60 
first standard TV system where n and m are natural 
numbers and n is unequal to ro; 
t a first control means for generating a pseudo imaging 
sync signal having a frequency which is approxi- 
mately m/n-fold of said frame frequency of said 65 
second standard TV system in order to control said 
field sequential iUurninating means, and controlling 
said imaging means so that color field sequential 


40 


45 


imaging will be performed at a frequency which is 
m/n-fold of said frame frequency of said second 
standard TV system; 
a second control means for generating a synchroniz- 
ing signal of said second standard TV system; 
a detecting means for detecting at least a repetition 
period of said color field sequential illuminating 
means; 

a timing control means for comparing at least a per- 
iod detected by said detecting means with that of 
said synchronizing signal generated by said second 
control means, and phasing a signal generated by 
said first control means, based on the result of said 
comparing; and 
a color field sequential illumination control means for 
controlling the phase of color field sequential il- 
lumination repeated in said color field sequential 
illuminating means so as to be synchronized with 
said pseudo imaging sync signal input from said 
first control means. 

2. An electronic endoscope system comprising: 

a color field sequential illuminating means for emit- 
ting, at a frame frequency of a first standard TV 
system, color field sequential illumination light for 
sequentially iUurninating a subject with a plurality 
of light rays of different color components; 

an imaging means for imaging said subject under 
illumination light of said color field sequential illu- 
minating means; 

a signal generating means for receiving color field 
sequential image signals acquired by said imaging 
means, and generating video signals of a second 
standard TV system having a frame frequency 
which is approximately n/m-fold of that of said 
first standard TV system, where n and m are natu- 
ral numbers, and n is unequal to m; 

a first control means for generating a pseudo imaging 
sync signal having a frequency which is approxi- 
mately m/n-fold of said frame frequency of said 
second standard TV system in order to control said 
field sequential illuminating means, and controlling 
said imaging means so that color field sequential 
imaging will be performed at a frequency which is 
m/n-fold of said frame frequency of said second 
standard TV system; 

a second control means for generating a synchroniz- 
ing signal of said second standard TV system; 

a detecting means for detecting at least a phase of said 
color field sequential illuminating means; 

a timing control means for comparing at least a phase 
detected by said detecting means with that of said 
synchronizing signal generated by said second con- 
trol means, and phasing a signal generated by said 
first control means, based on the result of said com- 
paring; and 

a color field sequential illumination control means for 
controlling the phase of the color field sequential 
iUurninating means so as to be synchronized with 
said pseudo imaging sync signal input from said 
first control means. 

3. An electronic endoscope system according to 
claim 1 or 2, wherein said timing control means periodi- 
cally phases a signal generated by said first control 
means. 

4. An electronic endoscope system according to 
claim 1 or 2, wherein after a power supply is turned on, 
when color field sequential illumination iterated by said 
color field sequential iUurninating means comes to have 
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substantially a specified period, said timing control count of said vertical counter, which has been 

means phases a signal generated by said first control input as an address, indicates a set value; 

means. a horizontal counter for counting up pulses of a refer- 

5. An electronic endoscope system according to ence clock signal and resetting the count of said 
claim 1 or 2, wherein said first standard TV system is 5 reference clock signal when a count input as an 
any of NTSC, PAL, and SECAM; and address in said vertical memory means indicates 

said second standard TV system is a system different said set value; and 

from said first standard TV system and is any of a horizontal memory means for storing data for out- 
NTSC, PAL, and SECAM. putting a horizontal synchronizing signal only 

6. An electronic endoscope system according to 10 when the count of said horizontal counter, which 
claim 1 or 2, wherein said first control means uses at has been input as an address, indicates a predeter- 
least either a vertical synchronizing signal or a horizon- mined value. 

tal synchronizing signal, which is output by said second 10. An electronic endoscope system according to 
control means, to generate said pseudo imaging sync claim 1 or 2, wherein said timing control means in- 
signal, and controls said color field sequential iUuminat- IS eludes: 

ing means and said imaging means according to said a frequency dividing means for dividing the fre- 
first standard TV system. quency of a signal detected by said detecting means 

7. An electronic endoscope system according to in conformity with a frequency at which a fre- 
claim 1 or 2, wherein said signal processing means in- quency of a synchronizing signal of said first stan- 
cludes first converting means for converting color field 20 dard TV system, a frequency of a synchronizing 
sequential image signals acquired by said imaging means signal of said second standard TV system, and a 
from the analog form to the digital form, storing means . frequency of color frames repeated in said color 
for storing the outputs of said first converting means field sequential iUmninating means match substan- 
written thereto, and second converting means for con- tially; 

verting data read from said storing means from the 25 an edge sampling means for detecting an edge of a 
digital form to the analog form; signal, the frequency of which is divided by said 

said first control means controls the timing of reading frequency dividing means, in response to a syn- 

color field sequential image signals from said imag- chronizing signal of said second standard TV sys-. 

ing means, the timing of conversion performed by tern; and 

said first converting means, and the timing of writ- 30 a gate means for outputting a reset signal for phasing 
ing in said storing means; and when a synchronizing signal of said second stan- 

said second control means controls the timing of dard TV system and an output of said edge sam- 

reading from said storing means, and the timing of pling means substantially lock onto each, other, 

conversion performed by said second converting 11. An electronic endoscope system according to 
means. 35 claim 4, wherein said timing control means includes a 

8. An electronic endoscope system according to period detecting means for detecting that the period of 
claim 1 or 2, wherein said second control means in- color field sequential iUumination repeated in said color 
eludes: field sequential illuminating means has become a speci- 

a reference clock signal producing means for generat- fied period, and phases a signal, which is generated by 
ing a reference clock signal; 40 said first control means, according to the result of said 

a horizontal counter that counts up pulses of said comparing, when said period detecting means detects 
reference clock signal and operates as a counter for that the specified period has been attained, 
a specified period in response to a horizontal load 12. An electronic endoscope system according to 
signal; claim 10, wherein said edge sampling means generates a 

a horizontal memory means for storing data for out- 45 synchronous period signal having a width that ranges 
putting a horizontal synchronizing signal only from the timing of a synchronizing signal of said second 
when the count of said horizontal counter, which standard TV system occurring at the trailing edge of a 
has been input as an address, indicating a set value, signal whose frequency is divided by said frequency 
and outputting a horizontal load signal for loading dividing means to the timing of the subsequent next 
said horizontal counter; a vertical counter for 50 synchronizing signal; and 

counting up a horizontal load signal provided by said gate means outputs said reset signal for phasing 
said horizontal memory means and operating as a when a synchronous period signal provided by said 

counter for a specified period in response to a verti- edge sampling means and a synchronizing signal of 

cal load signal; and said second standard TV system lock onto each 

a vertical memory means for storing data for output- 55 other, 
ting a vertical synchronizing signal only when the 13. An electronic endoscope system according to 
count of said vertical counter, which has been claim 10, wherein a synchronizing signal of said second 
input to an address, indicates a set value, and out- standard TV system, which is input to said edge sam- 
putting a vertical load signal for loading said verti- pling means, is a vertical synchronizing signal, 
cal counter. 60 14. An electronic endoscope system according to 

9. An electronic endoscope system according to claim 12, wherein said timin g control means includes a 
claim 1 or 2, wherein said first control means includes: specified period detecting means that uses a synchroniz- 

a vertical counter for counting up a synchronizing ing signal of said second standard TV system to detect 
signal provided by a second control means and that the period of a synchronous period signal provided 
resetting said vertical counter in response to a phas- 65 by said edge sampling means is within a specified per- 
ing signal output by said tuning control means; iod; and 

a vertical memory means for storing data for output- said gate means outputs a reset signal for phasing 
ting a vertical synchronizing signal only when the when a signal representing that the period of a 
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synchronous time signal is within a specified per- 
iod, which has been detected by said period detect- 
ing means, a synchronous period signal provided 
by said edge sampling means, and a synchronizing 
signal of said second standard TV system lock onto 
one another. 

15. An electronic endoscope system according to 
claim 14, wherein said specified period detecting means 
uses a horizontal synchronizing signal generated by said 
second control means to detect whether or not the 
period of a synchronous period signal provided by said 
edge sampling means is within a specified period. 

16. An electronic endoscope system according to 
claim 1 or 2, wherein said timing control means in- 
cludes: 

a frequency dividing means for dividing the fre- 
quency of a signal detected by said detecting means 


10 


15 


in conformity with a frequency at which a fre- 
quency of a synchronizing signal of said first stan- 
dard TV system, a frequency of a synchronizing 
signal of said second standard TV system, and a 
frequency which is half a frequency of color frames 
repeated in said color field sequential illuminating 
means match substantially; 
an edge sampling means for detecting an edge of a 
signal, frequency of which is divided by said fre- 
quency dividing means, in response to a synchro- 
nizing signal of said second standard TV system; 
and 

a gate means for outputting a reset signal for phasing 
when a synchronizing signal of said second stan- 
dard TV system and an output of said edge sam- 
pling means substantially lock onto each other. 
* * * * * 
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